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STATE OF CALIFORNIA

Energy Resources Conservation
And Development Commission

Building Energy Efficiency Standards, Docket No. 15-MISC-03
California Code of Regulations, Title 24, Resolution No. 15-0908-10
Parts 1 and 6

RESOLUTION OF THE ENERGY COMMISSION
APPROVING RECOMMENDATION BY THE EXECUTIVE DIRECTOR TO APPROVE
REFRIGERANT ECONOMIZERS AS AN ALTERNATIVE COMPONENT PACKAGE
FOR USE IN COMPUTER ROOMS IN CERTAIN CLIMATE ZONES

WHEREAS, Section 25402.1(b) of the California Public Resources Code and Section
10-109(d) of Part 1 of Title 24 authorizes the Commission to approve compliance options
and alternative component packages for demonstrating compliance with the Building
Energy Efficiency Standards set forth in California Code of Regulations, Title 24, Part 6,
and the associated administrative regulations in Part 1, Chapter 10; and

WHEREAS, Emerson Network Power submitted an application to the Energy Commission
requesting that refrigerant economizers be approved as an alternative component package
for demonstrating compliance with the prescriptive requirements set forth in Section
140.9(a)1B of Title 24, Part 6; and

WHEREAS, pursuant to Section 10-110(a) of Part 1 of Title 24 the Executive Director
determined that the application for this alternative component package was complete, and
staff of the Energy Commission made the application package available to interested
parties for a 60 day comment period; and

WHEREAS, Energy staff prepared a report analyzing this alternate component package,
which recommended that refrigerant economizers should be approved for use in computer
rooms in climate zones 1-9, 11-14 and 16 as an alternative component package for
demonstrating compliance with the prescriptive requirements set forth in Section
140.9(a)1B of Part 6 of Title 24; and

WHEREAS, based on the analysis and recommendation of staff, the Executive Director
recommends that the California Energy Commission approve refrigerant economizers for
use in computer rooms in climate zones 1-9, 11-14 and 16 as an alternative component
package for demonstrating compliance with the prescriptive requirements in Section
140.9(a)1B of Part 6 of Title 24.
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DISCLAIMER

Staff members of the California Energy Commission prepared this report. As such, it

does not necessarily represent the views of the Energy Commission, its employees,

or the State of California. The Energy Commission, the State of California, its
employees, contractors and subcontractors make no warrant, express or implied,

and assume no legal liability for the inform ation in this report; nor does any party
represent that the uses of this information will not infr inge upon privately owned
rights. This report has not been approved or disapproved by the Energy
Commission nor has the Commission passed upon the accuracy or adequacy of the
information in this report.




ABSTRACT

California’'s Building Energy Efficiency Standards  require the mechanical cooling
equipment serving a computer room to be equi pped with either an integrated air-side
economizer or an integrated water-side economizer. A mechanical cooling system
integrated with one of these features can provide cool air to the space without operating
the mechanical cooling system when the outside conditions are cool enough to provide
sufficient cooling to the space. This results in energy savings due to not having to

operate a compressor to cool the air or water mechanically.

Pumped refrigerant economizing uses the same concept for energy savings, in that it
bypasses the compressor for mechanical cooling by using a pump to move the

refrigerant through the evaporator and condense r. The energy savings is achieved by the
difference in energy consumption between the pump and compressor.

California Energy Commission staff proposes that the Commission approve a
compliance option for pumped refrigerant-based economizers to be used as an
alternative to water-side economizing for computer rooms. The proposed alternative is
based on building simulations using CBECC-Com 3b (Build 717).

The proposed alternative of a pumped refrigerant economizer will allow this emerging
technology to be used for standards compliance, where feasible. The benefit of this
technology is not only energy savings, but water savings.

Keywords : California Energy Commission, refrig  erant economizer, economizing, Liebert
DSE, Emerson Network Power, AlaJor Engineering,  Building Energy Efficiency Standards
CBECC-Com

Alatorre, Mark, 2015. Pumped Refrigerant Economizers for Use in Computer Rooms
California Energy Commission. Publ  ication Number: CEC-400-2015-029.
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EXECUTIVE SUMMARY

Public Resources Code, Section 25402.1 (b ) requires that the California Energy
Commission establish a formal process for certification of compliance options relating

to new products, materials, or calculat ion methods that are usable for showing

compliance with the  Building Energy Efficiency Standards . In response to this
requirement, Section 10-109 of the Building Energy Efficiency Standards  establishes the
process for introducing designs, materials, or devices that cannot be adequately

modeled in any currently approved alternative calculation methods or that are not
appropriately accounted for in currently approved compliance approaches.

Currently, the Building Energy Efficiency Standards  prescriptively require that the
mechanical cooling equipment serving a computer room be equipped with either an
integrated air-side economizer or an inte grated water-side economizer. A mechanical
cooling system integrated with one of these features can provide cool air to the space
without operating the mechanical cooling sy stem provided the outside conditions are
sufficiently cool. This results in energy savings due to not having to operate a
compressor to mechanically cool the air or water.

Emerson Network Power (Emerson) used the established compliance option process of
Section 10-109 to submit an application for approval of their Liebert DSE data center
cooling system to be accounted for in the currently approved prescriptive compliance
approach. This system features a pumped refrigerant economizer that follows the same
principle of “economizing,” in that it provides cool air to the space when the

compressor is off or assisted and is still ab le to provide sufficient cooling. The Liebert
DSE system uses pumps to move the refriger  ant from the condenser to the evaporator,
absorbing heat from the computer room and rejecting that heat to the outdoors. The
energy savings is the difference in energy consumption between the pump and
compressor. The proper outside conditions must be present for this process to work,

just like air or water-side economizing, but unlike a water-side economizer the Liebert
DSE system does not consume any water.

As part of their application Emerson included building simulation files comparing their
system to a water-side economizer using the approved public domain software CBECC-
Com. The results showed energy savings in 14 of the 16 climate zones. The climate
zones where their system does not perform as well as a water-side economizer are
climate zones 10 and 15.

Staff therefore recommends approval of this compliance option for pumped refrigerant
based economizers as a prescriptive alternative to water-side economizing for computer
rooms for climate zones 1-9, 11-14 and 16. This proposed alternative will provide
energy savings in 14 out of the 16 climate zones, and will offset the use of water that
would otherwise be consumed by the installation of a water-side economizer.

Vv



Introduction

This report presents California Energy Commission staff's recommendation for approval
of a compliance option for the Liebert DSE data center cooling system for computer
rooms. The compliance option is based on energy simulations using approved public
domain software CBECC-Com 3b (Build 717) that shows energy savings in 14 of the 16
climate zones for computer rooms that use a pumped refrigerant economizer opposed
to a water-side economizer.

Compliance Options

Public Resources Code, Section 25402.1  (b) requires the California Energy
Commission to establish a formal certification process for compliance options

relating to new products, materials, or calculation methods that are usable for

showing compliance with the  Building Energy Efficiency Standards  (Standards). In
response to this requirement of the Publ ic Resources Code, Section 10-109 of the
Standards establishes the process for introducing designs, materials, or devices that
cannot be adequately modeled in any currently approved alternative calculation
methods or that are not appropriately accounted for in the current approved

compliance approaches.

The compliance option process enables the use of new or additional products,
materials, designs, or procedures for demonstrating compliance with applicable
building standards. In doing so, the process encourages market innovation and
allows the Energy Commission to resp  ond to changes in building design,
construction, installation, and enforcement.

Compliance Option for Refrigerant Economizers

To comply with the Standards, mechanic  al cooling equipment serving computer
rooms must be equipped with an integrated air-side or water- side economizer. The
choice of air-side or water-side economization depends on the mechanical cooling
system type.

Chilled water systems are a type of mechanical cooling that has an integrated water-
side economizer and takes advantage of cooler outside conditions to provide cooling
to the space. Generally, during favorable conditions, the chiller can be turned off,
and the cooling tower provides the means of cooling the chilled water used to cool
the space. The water-side economizer loop can also precool the supply air to help
lower the load to the chiller and reduce energy use when the cooling load cannot be
satisfied with the economizer alone.

When the water-side economizer is enabled, pumps are used to move the water
between the cooling tower and the heat ex  changer. The “economizing” happens in



the form of energy savings due to the chiller being off or assisted and still being
able to provide sufficient cooling to the space. Given the constant cooling load of a
computer room due to always-on heat-generating electronic equipment, these

economizing conditions appear on most da ys and can be very favorable in certain
climate zones.

Figure 1: Example of Water-Side Economizer on a Chilled Water Plant

Source: 2013 Nonresidential Compliance Manual



Pumped refrigerant economizing follows the same principle of “economizing” in

that it provides cooling when the compressor is off or assisted and still being able to
provide sufficient cooling. The Liebert DSE data center cooling system features a
pumped refrigerant economizer that uses pumps to move the refrigerant from the
condenser to the evaporator, absorbing heat from the computer room and rejecting
that heat to the outdoors. The proper outside conditions must be present for this
process to work; just like water-side economizing but unlike a water-side
economizer, this system does not consume any water.

Figure 2: Emerson Pumped Refrigerant Component Layout

Source: Emerson Proposal to Include Refrigerant Economizers in Title 24

Figure 3: Emerson Pumped Refrigerant Schematic

Source: Emerson Response to Energy Commission Questions
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Staff Evaluation

Computer Rooms and the Standards

Prior to the 2008 Standards , process loads were generally considered exempt from the
standards. The Standards define a  process load as a load due to an “activity or treatment
that is not related to the space conditio ning, lighting, service water heating or

ventilation of a building as it relates to human occupancy” * The Standards began to
regulate process loads in 2008 with requirements for refrigerated warehouses. The 2013
Standards added requirements for computer r ooms and other process load types.

Review of Computer Room Economizing

The Standards define a computer room as "a room whose primary function is to house
electronic equipment and that has a design equipment power density exceeding 20
watts per square foot of conditioned space.” !

Computer rooms have a unique set of design requirements necessary for controlling key
indoor air quality features such as dew poin t, temperature, and relative humidity. The
electronic equipment (computers, servers, networking equipment) housed in these areas
are sensitive to these variables in that they may fail due to high heat or electrostatic
charge. Along with controlling the air qualit y, personnel must exercise caution, for
example, by implementing personal grounding practices to avoid damaging the
equipment or components.

Direct air economizing is a cost-effective option for computer rooms; however some

care must be exercised depending on the air source. Certain contaminants, such as dust,
may be introduced through poor outdoor air quality. Air-to-air heat exchangers can be

used to control outdoor air contaminants an d prevent them from entering the computer
room, but at an added cost and consequently lower efficiency due to the heat exchange.

It was been shown to still be cost-effective, however.

Water-side economizing is more desirable than air-side econom izing for large data
centers. An advantage to this  type of economizing versus air-side is improved control of
the indoor environment, such as humidity and dust particles, by avoiding the
introduction of large quantities of outside air.

Pumped refrigerant economizing has similar advantages to water-side systems. Indoor
environments can be better controlled by no t introducing outdoor air. These systems

1 2013 Building Energy Efficiency Standards,  Title 24, Part 6, Section 100.1.



also reduce the amount of equipment (such as pumps, fans, cooling towers) needed to
operate in full or partial economizer modes.

Results of Refrigerant  Economizer Analysis

As part of the Emerson submittal package, Christian Hurd of AlaJor Engineering, Inc.
performed a simulation analysis comparing the Liebert DSE system to a chilled water
system with an integrated water-side economizer. The results showed that the Liebert
DSE system outperformed the chilled water system with an integrated water-side
economizer in 14 of the 16 California climate zones.

The method used by AlaJor Engineering, Inc. was to create a baseline energy budget by
using the Energy Commission’s public domain software CBECC-Com (Build 717). Once a
baseline energy budget was established, the proposed Liebert DSE model was created
using the CBECC-Com software, by extracting  the IDF model (IDF is a format used by
EnergyPlus) and then adding custom curves for the Liebert DSE equipment. The custom
curves were developed from a regression analysis of Liebert pumped refrigerant system
data, following the AHRI 1360 standard used for determining the efficiency rating. The
researchers then simulated the proposed model.

Once both models were created and simulated, the results were extracted to the
Exceptional Design Compliance - End-Us e Summary Comparison spreadsheet. An
excerpt of the spreadsheet is shown below where the results for each climate zone can
be seen:

Table 1: End-Use Summary Comparison — All Climate Zones









Source: Proposal to Include Refrigerant Economizers in the California Energy Commission 2013 Building Energy

Efficiency Standards.



Public Review of Refriger  ant Economizer Analysis

The entire submittal packaged was posted for a 60-day public review and comment
period, including the simulation run files, end-use summary comparison, and custom
curves.

After the 60-day public review and comment period was completed, only one comment
was docketed. The commenter, Mark Hydeman from Taylor Engineering, was the

primary author of the original Codes and Standards Enhancement Initiative (CASE)
report that was the basis of the 2013 Standards computer room requirements, and he
expressed that the “proposed energy savings calculations are reasonable.” Mr. Hydeman,
did have some concerns with a lack of both scope and clarity, however, and included
recommended changes to the submitted materials.

Proposed Alternative for Co mputer Room Economizing

Staff proposes that an alternative to the prescriptive requirement found in Section
140.9(a)1B be given for pumped refrigerant economizers installed in Climate Zones 1-9,
11-14, and 16. This alternative prescriptive re quirement will have little impact in the
implementation compared to the existing requirement. Some changes to the existing
compliance forms will be needed.

When complying under the performance approach, the proposed design should assume

the same default as a standard design chil led water system with an integrated water-
side economizer. No further compliance credit should be granted for this system until a
rule set is developed and incorporated into CBECC-Com.

Conclusion

Staff proposes that pumped refrigerant ec onomizers be allowed as an alternative
component package. The proposed alternative will provide energy savings in 14 out of

the 16 climate zones and will offset the use of water that will otherwise be consumed by

the installation of a water-side economizer . Allowing the use of this technology is

consistent with the compliance options process prescribed by Public Resources Code,

Section 25402.1(b) and Section 10-109 of the Building Energy Efficiency Standards , which
allows for the introduction of designs, mate rials, or devices that cannot be adequately
modeled in the currently approved alternative calculation methods or are not

appropriately accounted for the currently approved approaches.
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2020 Engineering, LLC
13 Crescent Street
Natick, MA 01760

617-763-8862
Cng ]ll 1eeT1I 14

June 13, 2018
Re: Vertiv DSE Performance Modeling

To whom it may concern:

As a part of consulting work for a confidential client, 2020 Engineering reviewed performance
data provided by Vertiv (at that time branded Emerson) for their DSE data hall cooling products.

The DSE cooling product uses a pumped refrigerant economizer such that during periods of cold
ambient temperatures, refrigerant compressors will not be necessary. This is accomplished in
three steps; two circuits operating using the normal refrigeration cycle, one in economizer and
one in refrigeration cycle, and both in economizer.

We compared Vertiv's efficiency numbers with our own model. The model uses approach
temperatures to simulate refrigerant condenser and evaporator temperatures, curve fit
compressor power, and nominal inputs for refrigerant pumps and condenser fans. Evaporator
fans were modeled using fan laws. Our modeling used conservative numbers for these
parameters. Air Force bin data was applied to the model to achieve PUE calculations for various
potential locations.

In all cases, the 2020 Engineering model closely matched those efficiencies published by Vertiv.
Please call if you have any questions.

Very truly yours,
2020 Engineering, LLC

Joe W. Hale, PE
617-763-8862
joehale@2020mep.com
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